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METHOD FOR MEASURING PHASE
CURRENT FOR INVERTER CONTROL
APPARATUS USING SINGLE CURRENT
SENSOR AND APPARATUS THEREFOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for measuring,
phase current for an inverter control apparatus and an
inverter control apparatus to which the measuring method 1s
applied, and more particularly, to a method for measuring
phase current for an inverter control apparatus using a single
current sensor and an apparatus therefor, which 1s capable of
changing a reference voltage for modulating a pulse width in
a cycle of a triangle wave and compensating for the refer-
ence voltage changed in the same cycle, to thus measure
current every cycle of the triangle wave without measuring
current with error.

2. Description of the Background Art

In general, when a three-phase alternating current motor
(a three-phase induction motor) is controlled using an
imverter, a current sensor 1s used for current control or to
protect the motor and an electrical load from over-current.
The three current sensors are installed to correspond to the
respective phases between the 1nverter and the three-phase
alternating current motor and measure current that flows
through the three-phase alternating current motor. Also, in
the case that three-phase phase current 1s 1n balance, current
of two-phases 1s measured using two sensors and the
remaining current 1s calculated. Accordingly, three-phase
output current 1s obtained.

Recently, a method of measuring phase current of each
switching state of the inverter by installing a single current
sensor between a DC(Direct Current) output circuit and the
inverter and estimating the three-phase output current of the
inverter according to the phase current of each measured
switching state 1s provided. Accordingly, it 1s possible to
reduce expenses in the manufacturing of an apparatus for
measuring three-phases alternating current.

FIG. 1 1s a block diagram showing a constitution of an
inverter control apparatus including an apparatus for mea-
suring current of each phase of three-phase alternating
current using a single current sensor according to a prior art.

As shown 1n FIG. 1, the inverter control apparatus
includes a converter 11 for converting alternating current
from a three-phase AC(Alternating Current) power source
10 into direct current, an i1nverter 14 including a pair of
switching devices Q1 and Q4, a pair of switching devices Q3
and Q6, and a pair of switching devices QS5 and Q2 in the
respective phases, the imnverter 14 for converting direct
current from the converter into alternating current and
providing the alternating current to a three-phase induction
motor 16, a current sensor 12 for measuring current that
flows through a line between the converter 11 and the
inverter 14, an analog-to digital (A/D) converter 13 for
converting an analog direct current value measured by the
current sensor 12 mto a digital current value, an inverter
controller 15 for generating a pulse width modulation
(PWM) signal using a reference voltage of each phase and
a triangle wave on the basis of the digital measured value
from the A/D converter 13, to thus control switching of the
switching devices Q1 and Q4, the switching devices Q3 and
6, and the switching devices Q5 and Q2 in the respective
phases.

The operation of the mverter control apparatus using the
current sensor according to the prior art of the above
constitution will now be described.
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2

The converter 11 receives the three-phase alternating
current from the three-phase current power source 10 and
outputs the direct current after rectifying and smoothing to
the inverter 14. The inverter 14 converts the direct current
into alternating current and outputs the alternating current to
the three-phase mduction motor 16. The value of the direct
current that flows between the converter 11 and the inverter
14 (flows through a so-called a direct current link) is
measured using the current sensor 12. Thus the measured
analog direct current value 1s converted to digital data using,
the A/D converter 13 and 1s output to the inverter controller
15. The inverter controller 15 compares the digital current
value from the A/D converter 13 with a command current
value, calculates a new current command value obtained by
compensating for a difference value between the two values,
generates a PWM signal corresponding to the new current

command value, and outputs the PWM signal to the inverter
14.

The PWM signal 1s a rectangular wave for comparing the
direct current reference voltages of the respective phases U,
V, and W with the voltage signal of a triangle wave and for
turning on or off the switch device of a corresponding phase.
That 1s, the inverter controller 15 compares the triangle wave
voltage signal with the reference voltage signals Vu, Vv, and
Vw of the respective phases as shown in FIG. 2. When the
reference voltage signals Vu, Vv, and Vw of the respective
phases are larger than the triangle voltage signal, the inverter
controller 15 outputs a high level of square wave signal
(refer to the waveforms of Q1, Q3, and QS of FIG. 2) for
turning on the positive switching devices Q1, Q3, and QS5 of
a corresponding phase and a low level of square signal
(waveforms that are obtained by inverting the waveforms of
Q1, Q3, and QS5 of FIG. 2 and are not shown) for turning off
the negative switching devices Q4, Q6, and Q2 of a corre-
sponding phase. When the reference voltage signals Vu, Vv,
and Vw of the respective phases are smaller than the triangle
wave voltage signal, the inverter controller 15 outputs a low
level of square wave signal (refer to the waveforms of Q1,
Q3, and QS of FIG. 2) for turning off the positive switching
devices Q1, Q3, and QS5 of the corresponding phase and a
high level of square wave signal (waveforms that are
obtained by inverting the waveforms of Q1, Q3, and QS of
FIG. 2 and are not shown) for turning on the negative
switching devices Q4, Q6, and Q2 of the corresponding
phase. In the positive and negative switching devices, when
the direction, in which current flows out through the inverter
14 to the three-phases induction motor 16, is considered a
positive direction and the direction, 1n which current flows
in from the three-phase induction motor 16 through the
inverter 14, 1s considered a negative direction, in the case
where the positive switching devices Q1, Q3, and Q35 are
turned on, current flows out to the three-phase induction
motor 16. In the case where the negative switching devices
Q4, Q6, and Q2 are turned on, current flows 1n from the
three-phase induction motor 16 through the inverter 14.

Therefore, the switching devices Q1 through Q6 of the
inverter 14 are turned on when the pulse width modulated
square wave signal 1s at a high level and are turned off when
the pulse width modulated square wave signal 1s at a low
level. Accordingly, the switching devices are at a certain
state among the 24 states of FIG. 3. When the positive and
negative switching devices of an arbitrary phase are simul-
taneously turned on, the circuit of the phase 1s electrically
shorted. Accordingly, the inverter 14 and the motor 16 are
burnt out. Therefore, 1t 1s essential for the inverter controller
15 to control the positive and negative switching devices of
the respective phases to not to be simultaneously turned on.
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Therefore, 1t 1s assumed that the positive and negative
switching devices are not simultaneously turned on. The
current Idc measured by the current sensor 12 flows through
the three-phase induction motor 16 and 1s one among the 8
values 1n the right most column of FIG. 3.

The above will now be described in more detail with
reference to FIGS. 1 and 3.

Referring to FIG. 3, 1n the states of the switching devices
Q1 through Q6 1n the first and the last rows, the positive
switching devices Q1, Q3, and QS are turned on and the
negative switching devices Q4, Q6, and Q2 are turned off or
the positive switching devices Q1, Q3, and QS5 are turned oft
and the negative switching devices Q4, Q6, and Q2 are
turned on. In this case, referring to FIG. 1, there 1s only a
path, through which the current Idc flows out through the
inverter 14, and there 1s no path, through which the current
Idc flows 1n from the induction motor 16, or there 1s no path,
through which the current Idc flows out through the inverter
14, and there 1s only the path, through which the current Idc
flows 1n from the mnduction motor 16. Accordingly, a closed
circuit 18 not formed. Therefore, the current Idc does not
flow. Therefore, the current value measured by the current
sensor 12 becomes zero.

Referring to FIG. 3, in the state of the switching devices
Q1 through Q6 1n the second row, the positive switching
devices Q1, Q3, and QS5 are respectively turned on, on, and
off and the negative switching devices Q4, Q6, and Q2 are
respectively turned off, off, and on. In this case, referring to
FIG. 1, a closed loop 1s formed such that the current Iu of the
phase U and the current Iv of the phase V flow out to the
motor 16 through the positive switching devices Q1 and Q3
and that the current Iw flows 1n through the negative
switching device Q2 from the motor 16. Therefore, when 1t
1s considered when the amount of current that flows out to
the motor 16 1s the same as the amount of current that flows
in from the motor 16, the amount of the current Idc is the
same as the amount of the current Iw and the direction of the
current Idc 1s 1nverse to the direction of the current Iw.
Therefore, the current Idc 1s —-Iw.

Referring to FIG. 3, 1n the states of the switching devices
Q1 through Q6 1n the third row, the positive switching
devices Q1, Q3, and QS5 are respectively turned on, off, on
and the negative switching devices Q4, Q6, and Q2 are
respectively turned off, on, off. In this case, referring to FIG.
1, a closed loop 1s formed such that the current Iu of the
phase U and the current Iw of the phase W flow out to the
motor 16 through the positive switching devices Q1 and QS5
and that the current Iv flows 1n from the motor 16 through
the negative switching device Q6. Therefore, when 1t 1s
assumed that the amount of the current that flows to the
motor 16 1s the same as the amount of the current the flows
from the motor 16, the amount of the current Idc 1s the same
as the amount of the current Iv and the direction of the
current Idc 1s imnverse to the direction of the current Iv.
Therefore, the current Idc 1s -Iv.

Referring to FIG. 3, 1n the states of the switching devices
Q1 through Q6 m the fourth row, the positive switching
devices Q1, Q3, and QS are respectively turned on, off, and
off and the negative SWltc:hmg devices Q4, Q6, and Q2 are
respectively turned off, on, and on. In this case, referring to
FIG. 1, a closed loop 1s formed such that the current Iu of the
phase U flows out to the motor 16 through the positive
switching device Q1 and that the currents Iv and Iw flow 1n

from the motor 16 through the negative switching devices
Q6 and Q2. Therefore, the current Idc that flows to the motor
16 1s Iu.
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Referring to FIG. 3, m the states of the switching devices
Q1 through Q6 in the fifth row, the positive switching
devices Q1, Q3, and Q3 are respectively turned off, on, and
on and the negative switching devices Q4, Q6, and Q2 are
respectively turned on, off, and off. In this case, referring to
FIG. 1, a closed loop 1s formed such that the current Iv of the
phase V and the current Iw of the phase W flow out to the
motor 16 through the positive switching devices Q3 and Q35
and that the current Iu flows 1n from the motor 16 through
the negative switching device Q4. Therefore, when 1t is
assumed that the amount of the current that flows to the
motor 16 1s the same as the amount of the current that flows
from the motor 16, the amount of the current Idc 1s the same
as the amount of the current Iu and the direction of the
current Idc 1s mverse to the direction of the current Iu.
Therefore, the current Idc 1s —Iu.

The states of the switching devices 1n the sixth and
seventh rows and the fact that the value of the current Idc 1s
Iv and Iw can be understood by the above description.
Theretore, description thereof will be omitted.

As mentioned above, 1n the states of the switching devices
in the first and last rows, where the positive switching
devices Q1, Q3, and QS5 are simultaneously turned on or the
switching devices Q4, Q6, and Q2 are simultaneously turned
on, the current Idc does not flow. However, 1n the states of
the switching devices 1n the remaining 6 rows, the current
Idc coincides with the current of a phase among the three-
phase output current of the mverter 14.

Therefore, the current sensor 12 measures the current Idc
and outputs the measured value to the A/D converter 13 as
an analog value. The inverter controller 15 determines the
values of the currents Iu, Iv, and Iw of the respective phases
on the basis of the digital current value from the A/D
converter 13 and the values such as -Iw and -Iv of the
current Idc 1n the previously stored states of the switching
devices Q1 through Q6 as shown in the table of FIG. 3.
Theretfore, the measurement of the currents of the respective
phases, which flow through the motor 16, 1s completed.

It 1s possible to correctly measure the current Idc only
when the switching control signal of the switching devices
Al through Q6, that 1s, the PWM signal from the inverter
controller 15 1s maintained not to be varying for a conver-
sion time, where the A/D converter 13 converts the analog
value of the current Idc measured by the current sensor 12
into a digital value. That 1s, it 1s possible to correctly
measure the current Idc only when the switching states of the
switching devices Q1 through Q6 are maintained as one
among the 8 states of FIG. 3 for a predetermined minimum
time or more. The conversion time commonly requires a
switching maintaining time of 2 through 9 microseconds or
more.

However, when the mmimum switching maintaining time
1s shorter than the time spent on converting the analog
current value sensed by the current sensor 12 mnto a digital
value by the A/D converter 13, 1t 1s not possible to correctly
measure the current. For example, in FIG. 2, the positive
switching devices Q1, Q3, and Q35 are respectively turned
on, off, and on (the state in the third row of FIG. 3) for the
time Tp. It 1s possible to correctly measure the current Iv of
the phase V only when the time Tp 1s larger than the
minimum conversion time Tp_ min of the A/D converter.

Therefore, 1n order to secure the minimum switching
maintaining time of the iverter 14, a time, for which the
current of a phase flows, 1s increased by changing
(distorting) an original reference voltage Vu by dV.
Therefore, the current value of each phase, which flows
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through the motor 16, 1s measured by the current sensor 12
for a cycle of the triangle wave by the changed reference
voltage Vu__c. However, because the reference voltage 1s
changed (distorted) by dV in order to secure the switching
time, the measured current value 1s erroneous. Thus dis-
torted current waveform of a phase 1s an alternating current
wavelorm distorted as shown 1n FIG. 4 when the current
waveform 1s measured by a measuring mnstrument such as an
oscilloscope.

Therefore, when an original reference voltage 1s changed
in order to secure the minimum switching time 1n one cycle
of the triangle wave as mentioned above, the inverter
controller 15 must output the PWM signal for compensating
for the current to the mverter 14 by gradually compensating
for the reference voltage during various cycles of the tri-
angle wave generated hereafter 1n order to correct the
distorted current. However because 1t 1s not possible to
secure the minimum switching time during such compen-
sating cycles, 1t 1s not possible to measure the current value.

Therefore, according to the conventional mverter control
apparatus, 1t 1s not possible to obtain a fast current control
characteristic when it 1s necessary to instantaneous current
control.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention 1s to provide
an mverter control apparatus, in which measured current 1s
not distorted and which 1s capable of instantaneous control-
ling current 1n measuring current in each phase using a
single current sensor and a method for measuring phase
current of an iverter control apparatus.

To achieve these and other advantages and 1n accordance
with the purposes of the present invention, as embodied and
broadly described herein, there 1s provided an inverter
control apparatus, comprising a converter for converting
alternating current from a three-phase alternating current
power source 1nto direct current, an 1nverter provided with
a pair of switching devices 1n each of the three phases, the
inverter for converting direct current from the converter into
alternating current and providing the alternating current to a
three-phase induction motor, a current sensor for measuring
current of each phase, which flows through the motor, an
A/D converter for converting an analog measured value of
current of each phase, which 1s measured by the current
sensor, 1nto a digital measured value, and an inverter con-
troller for generating a reference voltage of each phase and
a PWM signal using a triangle wave on the basis of the
digital measured value from the analog digital converter,
controlling switching of a switching device of each phase,
changing the reference voltages of arbitrary two phases in
one cycle of the triangle wave, and compensating for the
amounts of changes 1n the changed reference voltages of the
two phases 1n the one cycle of the triangle wave.

There 1s provided a method for measuring current of each
phase for an mverter control apparatus comprising a con-
verter for converting alternating current from a three-phase
alternating current power source 1nto direct current, an
inverter comprising a pair of switching devices 1n each
phase, the 1nverter for converting direct current from the
converter mto alternating current and providing the alter-
nating current to a three-phase induction motor, a current
sensor for measuring current of each phase, which flows
through the motor, an analog-to digital (A/D) converter for
converting an analog measured value of current of each
phase, which 1s measured by the current sensor, into a digital
measured value, and an 1nverter controller for generating a
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6

reference voltage of each phase and a pulse width modula-
tion (PWM) signal using a triangle wave on the basis of the
digital measured value from the analog digital converter, to
thus control switching of a switching device of each phase,
the method comprising the steps of (a) changing the refer-
ence voltages of arbitrary two phases 1n one cycle of the
triangle wave, (b) measuring current of each phase for one
cycle of the triangle wave using the current sensor, and (c)
compensating for the amount of change i1n the reference
voltages of the two phases 1n the one cycle of the triangle
wave.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present 1nvention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated 1 and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

In the drawings:

FIG. 1 1s a block diagram showing a constitution of an
inverter control apparatus including an apparatus for mea-
suring alternating current of each phase using single current
sensor according to a prior art;

FIG. 2 shows waveforms showing the reference voltages
of the phases U, V, and W, the states of switching devices,
and measured current during one cycle of a triangle wave
according to the prior art;

FIG. 3 1s a table showing current that flows through a
motor according to the switching states of switching devices
according to the prior art and according to the present
mvention;

FIG. 4 shows a current waveform detected according to
the prior art;

FIG. § 1s a block diagram showing a constitution of an
inverter control apparatus including an apparatus for mea-
suring alternating current of each phase using a current
sensor according to the present invention;

FIG. 6 shows wavelorms showing the reference voltages
of the phases U, V, and W, the states of switching devices,
and measured current during one cycle of a triangle wave
according to the present 1nvention;

FIG. 7 1s a flowchart showing a method for measuring
three-phase alternating current 1n each phase using single
current sensor according to the present mnvention; and

FIG. 8 shows the waveform of current detected by the
apparatus and the method according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. § 1s a block diagram showing a constitution of an
inverter control apparatus including an apparatus for mea-
suring alternating current of each phase using a current
sensor according to the present invention.

As shown 1n FIG. 5, the inverter control apparatus accord-
ing to the present invention includes a converter 30 for
converting alternating current from a three-phases alternat-
ing power source 20 into direct current, an inverter 40
including a pair of switching devices Q1 and Q4, a pair of
switching devices Q3 and Q6, and a pair of switching
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devices Q5 and Q2 1n the respective phases, the mnverter 40
for converting direct current from the converter 30 into
alternating current and providing the alternating current to a
three-phase induction motor 70, a current sensor 50 for
measuring current of each phase, which tflows through the
motor 70, an analog-to-digital (A/D) converter 62 for con-
verting the analog measured value of current of each phase,
which 1s measured by the current sensor 50, into a digital
measured value, and an inverter controller 61 for generating
a pulse width modulation (PWM) signal using a reference
voltage of each phase and a triangle wave on the basis of the
digital measured value from the A/D converter 62, control-
ling switching of the switching devices Q1 and Q4, Q3 and
06, and Q5 and Q2 of the respective phases, changing the
reference voltages of arbitrary two phases 1n one cycle of the
triangle wave, and for compensating the amount of change
of the changed reference voltages of the two phases 1n the
one cycle.

The converter 30 includes a rectifying circuit 31 for
rectifying alternating current into direct current and a
smoothing circuit 32 for smoothing direct current from the
rectifying circuit 31.

The operation of the inverter control apparatus including
the apparatus for measuring alternating current of each
phase using the current sensor according to the present
invention of the above constitution will now be described.

The converter 30 receives three-phase alternating current
from the three-phases alternating current power source 20,
rectifies the three-phase alternating current by the rectifying
circuit 31, smoothes the three-phase alternating current by
the smoothing circuit 32, and outputs direct current to the
inverter 40. The mverter 40 converts the direct current into
alternating current and outputs the alternating current to the
three-phase induction motor 70. The value of the direct
current that flows between the converter 30 and the inverter
40 (flows through so called a direct current link) 1s measured
using the current sensor 50. Thus measured analog direct
current value 1s converted into digital data using the A/D
converter 62 and is output to the inverter controller 60. The
inverter controller 60 compares the value of digital current
from the A/D converter 62 with the value of command
current, calculates a current command value obtained by
compensating for a difference value between the two values,
ogenerates a PWM signal corresponding to the calculated
current command value, and outputs the PWM signal to the
inverter 40. In order to generate the PWM signal, the direct
current reference voltages of the respective phases U, V, and
W are compared with the voltage signal of a triangle wave
and a rectangular wave signal for turning on or oif the
switching device of a corresponding phase 1s generated. That
1s, the inverter controller 60 compares the triangle wave
voltage signal with the reference voltage signals Vu, Vv, and
Vw of the respective phases as shown in FIG. 6. When the
reference voltage signals Vu, Vv, and Vw of the respective
phases are larger than the triangle voltage signal, the inverter
controller 60 outputs a high level of square wave signal
(refer to the waveforms of Q1, Q3, and QS5 of FIG. 6) for
turning on the positive switching devices Q1, Q3, and QS5 of
a corresponding phase and a low level of square signal
(waveforms that are obtained by inverting the waveforms of
Q1, Q3, and QS of FIG. 6 and are not shown) for turning off
the negative switching devices Q4, Q6, and Q2 of a corre-
sponding phase. When the reference voltage signals Vu, Vv,
and Vw of the respective phases are smaller than the triangle
wave voltage signal, the inverter controller 60 outputs a low
level of square wave signal (refer to the waveforms of Q1,
Q3, and QS of FIG. 6) for turning off the positive switching
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devices Q1, Q3, and QS of the corresponding phase and a
high level of square wave signal (waveforms that are
obtained by inverting the waveforms of Q1, Q3, and QS of
FIG. 6 and are not shown) for turning on the negative
switching devices Q4, Q6, and Q2 of the corresponding
phase. When a direction, in which current flows out to the
three-phase induction motor 70 through the inverter 40, is
considered to be a positive direction and a direction, 1n
which current flows 1n from the three-phase induction motor
70 through the mverter 40, 1s considered to be a negative
direction, 1n the case where the positive switching devices
Q1, Q3, and QS5 are turned on, current flows out to the
three-phases induction motor 70. In the case where the
negative switching devices Q4, Q6, and Q2 are turned on,
current flows m from the three-phase induction motor 70
through the inverter 40. Therefore, the positive and negative
switches are defined as mentioned above.

Therefore, the switching devices Q1 through Q6 of the
inverter 40 are turned on when the pulse width modulated
square wave signal 1s at a high level and are turned off when
the pulse width modulated square wave signal 1s at a low
level. Accordingly, the switching devices are at a certain
state among the 24 states of FIG. 3. When the positive and
negative switch devices of an arbitrary phase are simulta-
neously turned on, the circuit of the phase 1s electrically
shorted. Accordingly, the inverter 40 and the motor 70 are
burnt out. Therefore, 1t 1s essential for the inverter controller
60 to control the positive and negative switching devices of
the respective phases not to be simultaneously turned on.
Therefore, 1t 1s assumed that the positive and negative

switching devices are not simultaneously turned on.

The current Idc measured by the current sensor 50 flows
through the three-phase induction motor 70 and 1s one
among the 8 values 1n the right most column of FIG. 3.
According to the present invention, the table of FIG. 3
showing the on/ofl states of the switching devices Q1
through Q6 of each phase and the state of the current Idc
according to the on/off states 1s the same as mentioned 1n
description of the prior art. Therefore, detailed description of
the table will be omitted.

As 1n a prior art, the current Idc does not flow 1n the case
of the first and the last rows of FIG. 3, where the positive
switching device Q1, Q3, and QS are simultaneously turned
on or the negative switching devices Q4, Q6, and Q2 are
simultaneously turned on. Also, as 1n the prior art, 1n the
remaining 6 rows, the current Idc coincides with the current
of one phase among the three-phase output currents of the
inverter 40. The current sensor 50 measures the current Idc
and outputs the current Idc to the A/D converter 62 as an
analog value. The inverter controller 61 determines the
values of the currents Iu, Iv, and Iw on the basis of the digital
current value from the A/D converter 62 and the values of
the current Idc such as —Iw and —Iv 1n the previously stored
states of the switching devices Q1 through Q6 as shown in
the table of FIG. 3. Therefore, the measurement of current of
cach phase, which flows through the motor 70, 1s completed.

As shown 1n FIG. 6, the current Iu of the phase U and the
current Iv of the phase V, that is, the currents of two phases
are measured. The current of the remaining one phase can be
calculated by the iverter controller 61 according to the
principle of a three-phase current being balancing, that 1s,
[u+Iv+Iw=0. Also, the reference voltage waveform 1s shown
as a direct current waveform in FIG. 6. However, FIG. 6
shows a momentary state. The entire reference voltage
waveform 1s a sinusoidal waveform, where a momentary
straight line forms a sinusoidal wave. It 1s possible to
measure the current Iw of the phase W 1n a triangle wave
cycle hereafter.
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According to the present invention, the mnverter controller
61 controls an inverter as follow s 1 order to correctly
measure and control 1nstantancous current of each phase.

Because the switching states of the switching devices as
shown in FIG. 3 must be maintained (not varying) for the
conversion time of the A/D converter 62 for converting the
analog current value measured by the current sensor 50 into
digital current value, the mnverter controller 61 measures the
current value of each phase under the condition that a
minimum switching maintaining time 1s secured by chang-
ing the reference voltages of arbitrary two phases.

The inverter controller 61 compensates for the amount of
change 1n the reference voltages of the two phases 1n the
cycle of a triangle wave so that an average reference voltage
does not change for a cycle of the triangle wave. For
example, in FIG. 6, when a three-phase PWM signal for
controlling the switching of the switching devices Q1
through Q6 of the inverter 40 using the triangle wave and a
reference voltage wave 1s output, in the case where 1t 1s
assumed that the reference voltage Vu of the phase U has the
largest value, the reference voltage Vw of the phase W has
a medium value, and the reference voltage Vv of the phase
V has the smallest value, the switching point of time Tv of
the phase V takes the lead 1n the rising period of the triangle
wave. The switching point of time of the switching device of
cach phase 1s determined 1n the order of the switching point
of time Tw of the phase W and the switching point of time
Tu of the phase U. In order to secure the minimum switching
maintaining time of the mverter, the switching point of time
1s moved such that Vu_c=Vu+d__Vu by increasing the
reference voltage of the phase U and Vv__c=Vv-d_ Vv by
reducing the reference voltage of the phase V 1n the rising
period of the triangle wave. Wheremn D__ Vu and d_ Vv are
compensation voltages. d_ Vu=k(Tp_ min—-(Tw-Tu)) and
d_ Vv=k(Tp_ min—(Tw-Tv)). Tp_ min is the minimum
time required for converting an analog measured value 1nto
a digital measured value. Tw-Tv 1s the time from the
switching point of time Tw to the switching point of time Tv.
K 1s a ratio of the switching time to the reference voltage.

Accordingly, when Tu_ ¢ 1s obtained by advancing the
point of time Tu viewing from the Tw and Tv_ ¢ 1s obtained
by delaying the point of time Tv, (Tw-Tu_ ¢)Z2Tp_ min and
(Tw-Tv_c)ZTp_min. That is, because the time from the
switching point of time Tw to the switching point of time
Tu__c¢ and the time from the switching point of time Tw to
the switching point of time Tv__ ¢ are equal to or larger than
the minimum time required for converting the analog mea-
sured value into the digital measured value, it 1s possible to
correctly measure the current Iu of the phase U and the
current Iv of the phase V. Also, the mverter controller 61 can
calculate the current of the remaining one phase, that 1s, the
current Iw of the phase W by using the principle of three
phases being balancing.

An average voltage does not change for one cycle of the
triangle wave by compensating for the amount of change in
the reference voltages 1n a period, where the triangle wave
1s reduced. That 1s, when the reference voltages in the
period, where the triangle wave 1s reduced, are Vu_ c=Vu-
d_ Vu and Vv_ c=Vv+d_ Vv, the average voltages for one
cycle of the triangle wave are Vu and Vv, which are the same
as original reference voltages. Therefore, because the cur-
rent 1s not distorted, 1t 1s not necessary to compensate for the
reference voltage for compensating for the distortion of the
current.

FIG. 7 1s a flowchart showing a method for measuring,
three-phase alternating current using a current sensor
according to the present 1nvention.
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As shown 1n FIG. 7, a method for measuring current of
cach phase for an mverter control apparatus performs steps
of changing reference voltages in one cycle of a triangle
wave, measuring current of each current, and compensating
for the amounts of changes 1n the changed reference volt-
ages 1n the one cycle of the triangle wave.

In the step of changing the reference voltages, 1n each
cycle of a triangle wave, the reference voltage of the phase
having the highest reference voltage among the three-phase
reference voltages of a rising period of the triangle wave 1s
increased by a predetermined voltage and the reference
voltage of the phase having the lowest reference voltage 1s
decreased by the predetermined voltage.

Also, 1n the step of compensating for the reference
voltages, 1n each cycle of the triangle wave, the reference
voltage of the phase having the highest reference voltage
among the three-phase reference voltages 1n a falling period
of the triangle wave 1s decreased by the predetermined
voltage and the reference voltage of the phase having the
lowest reference voltage 1s increased by the predetermined
voltage. Therefore, an average reference voltage during one
cycle of the triangle wave does not change. Also, the
predetermined voltage 1s smaller than a potential difference
between the respective phases of the three-phase reference
voltages.

FIG. 8 shows the waveform of the detected current
according to the present mvention. The current waveform
shown 1n FIG. 8 1s a sinusoidal wave without distortion.

As menfioned above, m order to secure the switching
maintaining time for detecting the three-phases output
current, the reference voltages are changed 1n one cycle of
the triangle wave and the reference voltages are compen-
sated for in the same cycle. Accordingly, 1t 1s possible to
prevent the distortion of current, to measure three-phases
current 1 each cycle of the triangle wave, and to current
control 1nstantaneously.

What 1s claimed 1s:

1. A method for measuring current of each phase for an
inverter control apparatus comprising a converter for con-
verting alternating current from a three-phase alternating
current power source into direct current, an 1nverter pro-
vided with a pair of switching devices 1in each phase, the
inverter for converting direct current from the converter mnto
alternating current and providing the alternating current to a
three-phase induction motor, single current sensor for mea-
suring current of a phase, which flows through the motor, an
analog-to digital (A/D) converter for converting an analog
measured value of current, which 1s measured by the current
sensor, 1nto a digital measured value, and an inverter con-
troller for generating a reference voltage of each phase and
a pulse width modulation (PWM) signal using a triangle
wave on the basis of the digital measured value from the
analog digital converter, to thus control switching of the
switching device of each phase, the method comprising the
steps of:

(a) changing the reference voltages of arbitrary two
phases 1n one cycle of the triangle wave;

(b) measuring current of each phase for the one cycle of
the triangle wave using the current sensor; and

(¢c) compensating for the amount of change in the refer-
ence voltages of the two phases 1n the one cycle of the
triangle wave.

2. The method of claim 1, wherein, in the step (a), the
reference voltage of one phase having the highest voltage
among three-phase reference voltages in a rising period of
the triangle wave 1s increased by a predetermined voltage
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and the reference voltage of the other phase having the
lowest voltage 1s decreased by the predetermined voltage for
the one cycle of the triangle wave,

and wherein, in the step (c), the reference voltage of one
phase having the highest voltage among the three-phase
reference voltages 1n a falling period of the triangle
wave 1S decreased by the increased voltage and the
reference voltage of the other phase having the lowest
voltage 1s reduced for the one cycle of the triangle wave
so that an average reference voltage of each phase does
not change for the one cycle of the triangle wave.

3. An 1nverter control apparatus, comprising:

a converter for converting alternating current from a
three-phase alternating current power source 1nto direct
current,

an 1nverter provided with a pair of switching devices 1n
cach of the three phases, the inverter for converting
direct current from the converter mto alternating cur-
rent and providing the alternating current to a three-
phase mduction motor;

a current sensor for measuring current of a phase, which
flows through the motor;

an A/D converter for converting an analog measured
value of current of the phase, which 1s measured by the
current sensor, 1nto a digital measured value; and

an 1nverter controller for generating a reference voltage of
cach phase and a Pulse Width Modulation signal using
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a triangle wave on the basis of the digital measured
value from the analog digital converter, controlling
switching of a switching device of each phase, chang-
ing the reference voltages of arbitrary two phases 1n
one cycle of the triangle wave, and compensating for
the amounts of changes 1n the changed reference volt-
ages of the two phases 1 the one cycle of the triangle
wave.

4. The inverter control apparatus of claim 3, wherein the
inverter controller controls the switching of the switching
device of each phase by generating the Pulse Width Modu-
lation signal using the reference voltage of each phase and
the triangle wave, increases the reference voltage of one
phase having the highest voltage among three-phases refer-
ence voltages 1n a rising period of one cycle of the triangle
wave by a predetermined voltage, decreases the reference
voltage of the phase having the lowest voltage among the
three-phase reference voltages by the predetermined
voltage, decreases the reference voltages by the amount of
increase 1n the reference voltage of one phase having the
highest voltage 1n a falling period of the one cycle of the
triangle wave, and increases the reference voltages by the
amount of decrease in the reference voltage of the phase
having the lowest voltage, so that an average reference

voltage of each phase does not change for one switching
period.
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